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Abstract: Renal cell carcinoma (RCC) is the most frequent renal tumor and its incidence 
is increasing worldwide. Tumor angiogenesis is known to play a crucial role in the 
etiopathogenesis of RCC and over the last few years an even deeper knowledge of its 
contribution in metastatic RCC development has led to the development of numerous 
molecular targeting agents (such as sunitinib, sorafenib, pazopanib, axitinib, tivozanib, and 
dovitinib). The above agents are principally directed against vascular endothelial growth factor 
receptor (VEGFR) members and also against c-Kit receptor (c-KitR). The role of c-kitR 
inhibition on clear cell RCC (ccRCC), the main RCC subtype, is less well established. 
Whether c-kitR activation through its ligand, stem cell factor (SCF) contributes significantly 
to the effects of tyrosine kinase inhibitors (TKIs) treatment remains to be established. It is 
important to underscore that the c-KitR is expressed on mast cells (MCs) and cancer cells. 
After an examination of the c-KitR/SCF pathway, we review here the principal studies that 
have evaluated c-Kit expression in RCC. Moreover, we summarize some investigations 
that have observed the distribution of MCs in primary renal cancer and in adjacent normal 
tissue with appropriate histological immunohistochemical techniques. We also focus on 
few studies that have evaluated the correlation between RCC proliferation, MC count and 
microvessel density (MVD), as hallmarks of tumor angiogenesis. Thus, the aim of this 
review of the literature is to clarify if c-KitR expression, MC count and MVD could have 
prognostic significance and the possible predictive therapeutic implications in RCC. 
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1. Introduction 

Renal cell carcinoma (RCC) is the most frequent renal tumor and accounts for 3% of human cancers 
occurring in the world [1]. It is the cause of 95,000 deaths each year and represents the most lethal 
cancer within the urological neoplasms [2]. Its peak incidence is at around the sixth to seventh decade 
of life [1,2]. RCC is a neoplasm of epithelial nature, since it originates from the transformation of cells 
that constitute the epithelium of the proximal convoluted tubule [3]. Its principal histological types are: 
the clear cell RCC (75%-80%), papillary or chromophile RCC (10rc^l5%) and chromophobe RCC 
(4%-6%) [3]. 

With reference to RCC etiopathogenesis, historically, among the most frequent chromosomal 
alterations involved in its onset are those that lead to the functional inactivation (due to the loss of both 
alleles) of the von Hippel-Lindau protein (pVHL), the product of the VHL tumor suppressor gene that 
is located on chromosomal region 3 p25-26 [4]. The functional form of the pVHL in association with 
elongin C, elongin B, cullin2 (Cul2), neural precursor cell expressed developmentally down-regulated 8 
(NeddS) and ring-box 1 (RBXl) forms a multi-protein complex called E3 ubiquitin ligase (or VEC) 
able in turn to bind the hydroxylated form of the subunit a of the transcription hypoxia-inducible factor 
(HIF) [4-7]. In normoxic conditions the formation of this complex leads to the degradation of HIF, 
while in case of hypoxia the stabilized form (non-hydroxylated) HIF is able to induce the transcription 
of genes that leads to the secretion of pro-angiogenic factors (such as vascular endothelial growth 
factor (VEGF) and platelet derived growth factor-P (PDGF-P)), Glucose transporter 1 (GLUT-1) and 
erythropoietin [4-8] (Figure 1). Over the last few years the ever-deeper knowledge on the molecular 
biology of metastatic RCC has led to the development of numerous molecular targeting agents (such as 
sunitinib, sorafenib, pazopanib, axitinib, tivozanib, and dovitinib) [9]. The above agents are principally 
directed against vascular endothelial growth factor receptor (VEGFR) members and also against the 
c-Kit receptor (c-KitR) [9]. The role of c-kitR inhibition on clear cell RCC (ccRCC), the main RCC 
subtype, is less well established [9]. Whether c-kitR activation through its ligand, stem cell factor 
(SCF) contributes significantly to the effects of tyrosine kinase inhibitors (TKIs) treatment remains to 
be established [9]. c-KitR is expressed on mast cells (MCs), endothelial and cancer cells. The c-KitR 
activation by means of its ligand, the stem cell factor (SCF), induces several signal transduction 
pathways, mitogen-activated protein kinase (MAPK) and phosphatidyl inositol 3-kinase (PI3K)/protein 
kinase B (AKT) (Figure 1) [9,10]. The increased activation of the c-KitR pathway leads in turn to MC 
activation, which secretes pro-angiogenic cytokines (such as VEGF, PDGF-P, and fibroblast growth 
factor (FGF)). The c-KitR activation in RCCs induces cross-talk between the cancer cells, MCs and 
endothelial cells, leading to the consequential strengthening of pro-angiogenic signaling. 
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Figure 1. In renal cancer cells, stem cell factor (SCF) binding to the c-Kit receptor 
(c-KitR) induces several signal transduction pathways that lead to its proliferation, 
invasion, survival, and angiogenesis. Moreover, the increased activation of the c-KitR 
pathway leads to the activation of MC, which secretes pro-angiogenic cytokines (VEGF, 
PDGF-P, FGF) and induces cross-talk between MC, renal cancer cells and endothelial 
cells leading to the consequential strengthening of pro-angiogenic signaling,. In addition, 
hypoxia induces HIF to stimulate the transcription of genes that lead to the secretion of 
pro-angiogenic factors. Abbreviations: c-KitR, c-Kit receptor; SCF, stem cell factor, VEGF, 
vascular endothelial growth factor; PDGF-P, platelet derived growth factor-P; FGF, 
Fibroblast Growth Factor; LYn, Lck/Yes-related protein kinase; FYn, FYn oncogene related 
to SRC, FGR, YES; Src, W-Src sarcoma (Schmidt-Ruppin A-2) viral oncogene homolog; 
Racl, Ras-related C3 botulinum toxin substrate 1; JNK, c-Jun A^-terminal kinase JNK; Sos, 
son of sevenless; Grb2, growth factor receptor-bound protein 2; She, SHC-adaptor protein; 
Ras, rat sarcoma protein; Raf, proto-oncogene serine/threonine-protein kinase; Mekl/2, 
MAP kinase-ERK kinase; Erkl/2, Elk-related tyrosine kinase; JAK, Janus kinase; STAT3, 
signal transducer and activator of transcription 3; PI3K, phosphatidyl inositol 3-kinase; 
NF-kB, nuclear factor kappa B; AKT, protein kinase B; mTOR, mammalian target of 
rapamycin; PTEN, phosphatase and TEnsiN homolog; VHL,von Hippel-Lindau protein; 
Cul2, cullin2; NeddS, neural precursor cell expressed developmentally down-regulated 8; 
RBXl, ring-box 1; VEC, E3 ubiquitin ligase complex; HIF, hypoxia-inducible factor. 



SCP 




It is thus well known that tumor angiogenesis plays a pivotal role in the etiopathogenesis of 
RCC [4-10]. Considering the pivotal role of c-KitR and the MC involvement in RCC progression, 
after a detailed examination of the c-KitR/SCF axis, the principal studies that have evaluated both 
C-KitR expression in RCC and the distribution of MCs in primary renal cancer and in adjacent normal 
tissue with appropriate histological techniques are analysed in the following paragraphs. In addition, 
we also focus on few studies that have assessed the correlation between RCC proliferation, MC count 
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and microvessel density (MVD), as hallmarks of tumor angiogenesis, with the aim to clarify whether 
these variables could have prognostic significance and possible therapeutic implications in RCC. 

2. c-Kit Receptor/Stem Cell Factor Pathway 

The c-KitR is encoded by the c-Kit proto-oncogene localized on chromosome 4q and belongs to 
class III of the tyrosine kinase receptor (TKR) family [11,12]. The c-KitR and SCF (its ligand 
over-expressed in various inflammatory diseases) [13] regulate several physiological processes, 
including erythropoiesis, lymphopoiesis, megakaryopoiesis, gametogenesis, melanogenesis, and 
MC/eosinophil activations [12,14]. The c-KitR structure includes an extracellular region (consisting of 
five immunoglobulin-like domains), a trans-membrane (or JM) region, and an intracellular TK domain 
separated in two subdomains by an insert region (Figure 1) [15]. The interaction between c-KitR and 
SCF occurs through receptor phosphorylation and the formation of various homo/heterodimers with 
the activation of specific intracellular signaling pathways, including the janus kinase (JAK) and signal 
transducer and activator of transcription (STAT) pathway, the PI3K, AKT and mammalian target of 
rapamycin (mTOR) pathway, the MAPK pathway and V-src sarcoma (Schmidt-Ruppin A-2) viral 
oncogene homolog (Src) pathway [9]. Increased activation of the c-KitR pathways leads to the release 
of pro-angiogenic cj^okines (VEGF, PDGF-P, FGF) fi-om renal cancer cells, MCs and endothelial 
cell, inducing the strengthening of pro-angiogenic signaling, and in turn cancer cell survival, invasion 
and proliferation [9,15,16]. 

Two forms of c-KitR have been found: wild- type (145 kDa) and mutant- type (125 kDa) [17]. 
The deregulation and over-expression of the complex c-KitR signaling network, induced mainly by 
mutant-type form of c-KitR, have been discovered to be associated with cancer transformation in a 
variety of human malignancies [18-24]. C-KitR mutations can be present localized in the fifth 
extracellular domain (exon 8 and exon 9, e.g., Ala502-Tyr503 duplication specific in GIST), in the JM 
region (exon 11, e.g., V559D, a deletion of nine amino acids in the JM domain, called D27 mutant), 
and in the kinase domain (exon 17) [25]. Imatinib mesylate (Gleevec*, Basilea, Swiss), a selective 
c-KitR tyrosine kinase inhibitor (TKI), at first approved for the treatment of chronic myelogenous 
leukaemia (CML) and unresectable and/or malignant gastro-intestinal stromal tumor (GIST) [26], is 
now under investigation for the treatment of non-small cell lung cancer, ovarian cancer, Ewing's 
sarcoma and melanoma [18,19,24,27,28]. However, some c-KitR mutations, especially those in exon 9 
and exon 17 (the activating codon 816 Asp^Val mutation (D8I6V) fi-equently found in mastocytosis) 
are associated with resistance to imatinib mesylate therapy [25,29]. In fact, currently, other c-KitR 
TKIs, such as masitinib mesylate (ABIOIO) that inhibits mainly the wild-type and mutated c-KitR 
forms, are under evaluation in several clinical trials [30]. 

In order to determine whether selective c-KitR TKIs could be feasible in RCC, several studies have 
been conducted to examine c-Kit/c-KitR expression in different RCC histological subtypes [31-39]. 

3. The Significance of c-Kit Expression in Renal Cancer Patients 

Considering the biologic background of c-KitR in RCC tumorigenesis, the overexpression of c-KitR 
may be involved in tumor development and progression; therefore c-KitR could represent an intriguing 
therapeutic target in these patients. 
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Over the years, several authors had examined c-Kit/c-KitR expression in different histological 
subtypes of RCC [31-39] all concluding that the chromophobe variety (and also the oncocj^oma 
among benign renal tumors) had frequent c-KitR expression of strong [9,31] or moderate [32] intensity 
in immunohistochemistry (IHC) compared to other malignant histological subtypes, such as papillary 
and clear cell [31-39] (Table 1). In agreement, they attributed to increased c-Kit/c-KitR expression in 
chromophobe RCC variety a possible therapeutic target besides a diagnostic significance, as tumor 
biomarker [31-39]. Yamazaki et al. emphasized the observed strong c-KitR over-expression in 
chromophobe variety of RCC with the purpose to clarify the nature of its tumorigenesis, considering 
that no gene mutations have been noted related to the development of chromophobe variety compared 
to the well known VHL and mesenchymal-epidermal fransition (MET) genetic mutations involved 
in the tumorigenesis of clear cell and papillary RCCs, respectively [31]. Huo et al. demonstrated 
c-Kit over-expression in both chromophobe RCC (and oncocj^oma) at the mRNA level by cDNA 
microarray analysis also, confirming in angiomyolipoma, papillary, and clear cell RCC a low c-Kit 
expression [36]. Considering the frequency of c-Kit/c-KitR expression in other histological subtypes of 
RCC (clear cell and papillary) all authors were in agreement to discover its sHght [31], low (between 
2% and 3% in clear cell and 5%-7% in papillary) [35,36,38] or absent [32,33,37,39] expression. 
Curiously, Sengupta et al. showed the presence of c-KitR expression only in 4% of RCC with 
sarcomatoid differentiation [38]. Wang et al. suggested that the presence of c-KitR expression (found 
in 100% of chromophobe cases) could be the hallmark of chromophobe variety being absent in all 
granular cell variants of clear cell RCC [34]. 

With special reference to c-KitR expression staining pattern, several authors demonstrated 
chromophobe varieties that can be simultaneously membranous and cytoplasmic [9,32,34,36,37], 
mainly membranous [32,37] or only membranous [31,38,39]. Interestingly, Horstmann et al. found a 
significantly higher membranous c-KitR expression staining pattern in clear cell and papillary varieties 
compared to both chromophobe variety and normal renal tissue (p < 0.05) [9]. Curiously, the authors 
assessed also SCF expression which correlated with cytoplasmic c-KitR in all histological types 
(p < 0.01); moreover its expression was higher in oncocytoma rather than in clear cell and 
chomophobe varieties (p < 0.05) [9]. The authors hypothesize that concomitant expression of SCF and 
C-KitR, which seems to undergo a shift from the cytoplasm to the cell membrane, suggests paracrine 
and autocrine mechanisms in c-KitR activation with distinct regulatory mechanisms in the different 
tumor varieties [9]. Regarding c-KitR expression pattern as prognostic factor, Horstmann et al. showed 
a significant correlation between advanced stage (pT3) and low cytoplasmic c-KitR expression 
(p < 0.05) [9]. Kruger et al. also found a significant correlation between advanced stage (pT > 2) and 
low cytoplasmic c-KitR expression (p = 0.036) [37]. With reference to tumor grade and histological 
type, the proportion of cases with cytoplasmic c-KitR staining was higher in G2 tumors (78%) and 
in tumors of the classic variant (82%) compared to G3 tumors (50%) and to tumors of the 
eosinophilic variant (67%)), even if the difference was not statistically significant (p = 0.376 and 
p = 0.331, respectively) [37]. 
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Table 1. Principal studies evaluating c-Kit/c-KitR expression in renal cancer patients. 



Author, 
Reference, 
Year 


Histological Types ("/o) 


Stage 


Patients 
in) 


Methods of c-Kit/c-KitR 
Evaluation 


Type of c-KitR 
Pattern 


Percentage of 
C-Kit/c-KitR Expression 


Intensity of 
C-Kit/c-KitR Expression 


Yamazaki [31] 
2003 


clear cell: 67% 
chromophobe: 20% 
papillary: 13% 


n.d. 


15 


immunohistochemistry 
primary MoAb anti-CD 117 


membranous 


n.Q. 


chromophobe: strong 
clear cell: slight 
papillary: slight 


Zigeuner [32] 
2004 


clear cell: 76% 
chromophobe: 13% 
papillary: 11% 


1-lV 


180 


immunohistochemistry 
primary PoAb anti-CD 117 


mainly membranous 


n.d. 


chromophobe: moderate 
clear cell: none 
papillary: none 


Petit [33] 2004 


n^nnfnnWi 110/ 

Clear cell: a /o 
chromophobe: 29% 


n.d. 


87 


immunohistochemistry 


cytoplasmic or 
membranous or 
nuclear 


chromophobe: 88% 
oncocytoma: 71% 


chromophobe: strong 


oncocytoma: 15% 


primary PoAb anti-CD 117 


clear cell: 0% 


oncocytoma: moderate 




papillary: 11% 








papillary: 0% 




Wang [J'4J 


oncocytoma: 52% 


n.d. 


23 


immunohistochemistry 


cytoplasmic or 


chromophobe: 100% 


n.d. 


2005 


chromophobe: 48% 


primary PoAb anti-CD 117 


membranous 


oncocytoma: 100% 




clear cell: 33% 










chromophobe: 86% 




Li [35] 2005 


papillary: 33% 
oncocytoma: 18% 

chromophobe: 16% 


1-lV 


45 


RT-PCR 
c-Kit gene expression 


electrophoresis band 
as DNA marker 


oncocytoma: 88% 
papillary: 7% 
clear cell: 0% 


n.d. 




-^1^^.. ^^11. TJO/ 

clear cell: 15 /a 










chromophobe: 95% 




Huo [36] 2005 


oncocytoma: 24% 
chromophobe: 23% 
angiomyolipoma: 12% 
papillary: 9% 


n.d. 


171 


immunohistochemistry 
primary MoAb anti-CD 117 


cytoplasmic or 
membranous or both 


oncocytoma: 88% 
angiomyolipoma: 17% 
papillary: 5% 
clear cell: 3% 


n.d. 




chromophobe: 39% 










chromophobe: 100%-77% 




Kruger [37] 


clear cell: 27% 


I-III 


74 


immunohistochemistry 


membranous or 


oncocytoma: 100%-77% 


n.d. 


2005 


oncocytoma: 18% 
papillary: 7% 


primary PoAb anti-CD 117 


both 


clear cell: 0% 
papillary: 0% 
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Table 1. Cont. 



Author, 
Reference, 
Year 



Histological Types (%) Stage 



Patients Methods of c-Kit/c-KitR 



in) 



Evaluation 



Type of c-KitR 
Pattern 



Percentage of 
C-Kit/c-KitR Expression 



Intensity of 
C-Kit/c-KitR Expression 



Sengupta [39] 
2006 



clear cell: 90.2% 
chromophobe: 3.6% 
n.s.:3.1% 

papillary: 1.6% 



n.d. 



194 



immunohistochemistry 
primary PoAb anti-CD 117 



membranous 



n.s.: 33.3% 
chromophobe: 14.3% 
clear cell: 2.3% 
papillary: 0% 



n.d. 



Terada [39] 

2012 



clear cell: 70% 
chromophobe: 15% 

papillary: 15% 



n.d. 



61 



immunohistochemistry 

primary MoAb anti-CD 1 17 



membranous 



chromophobe: 100% 
clear cell: 0% 

papillary: 0% 



n.d. 



Horstmann [9] 
2012 



clear cell: 36% 
oncocytoma: 24% 

papillary: 23% 
chromophobe: 17% 



I-IV 111 



immunohistochemistry 
primary PoAb anti-CD 117 



cytoplasmic or both 



n.d. 



chromophobe: strong 
oncocytoma: strong 
papillary: strong/moderate 
clear cell: slight/moderate 



MoAb, monoclonal antibody; PoAb, polyclonal antibody; n.d., not determined; RT-PCR, reverse transcriptase -polymerase chain reaction. 
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Finally, considering the mutational status of c-Kit, pilot studies have addressed this by detailed 
analyses; interestingly, as all authors showed, in all cases examined not a single mutation was 
revealed [31,37-39]. Yamazaki et al. demonstrated no mutation in the region through sequencing 
analysis of the c-Kit gene in the three chromophobe RCCs [31]. Kruger et al. using total DNA from 
38 tumors (47% chromophobe, 32% oncocytomas, 11%) clear cells) in a c-Kit mutation analysis 
showed no mutations, in particular the D816V mutation [37]. Sengupta et al. identified no mutations in 
all immunopositive (only seven grade 4 chromophobe variety) cases by poljmierase chain reaction 
amplification of c-Kit exons 9, 11, 13 and 17 [38]. Terada et al. also showed no mutations of c-Kit 
exons 9, 11, 13 and 17 in all 30 cases analyzed using PCR-direct sequencing [39]. 

4. The Significance of Mast Cells and Angiogenesis in Renal Cancer Patients 

MCs originate from CD34+ hematopoietic stem cells and require SCF for their activation [40]. MCs 
are located throughout the body and mainly near blood vessels [40]. Classically, they are divided into 
three subgroups according to the protease expression in their granules: the first type of MC contains 
only tryptase, the second only chjmiase, and the third tryptase, chjmiase and other proteases [41]. 
The role of MC has long been well defined at first in hypersensitivity reactions, and then in both innate 
and adaptive immunity [42,43]. This has allowed us to redefine their crucial interplay on the regulatory 
function between inflammatory and tumor cells [44—47] by means of the release of various 
granule-associated mediators (tryptase, chymase, tumour necrosis factor (TNF), VEGF, FGF, 
PDGF-P, epidermal growth factor (EOF)), lipid-derived mediators (leukotrienes, prostaglandins), 
cytokines (transforming growth factor-P (TGF-P), interleukins), and chemokines [48-51]. The pivotal 
involvement of MC in tumorigenesis has emerged from observation of a strong correlation between 
an increase of MC count and an increase of microvascular density (MVD) in many human 
malignancies [43,44,46,48,52-65]. 

In normal human kidney, there are few resident MCs to be observed in the interstitium of the renal 
cortex around blood vessels or between renal tubules [66,67]. Historically, already both Staemmler and 
Lascano found an increase of MC count in the interstitium of some cases of h5^ernephroma [68,69]. 
In 1998, Beil et al. characterized the phenotype and fimctional properties of MCs obtained from 
renal tumors observing that they contained mainly tryptase, c-KitR, surface IgE, CD43, CD44, CD54, 
andCD63 [70]. 

In RCC the relationship between MC and angiogenesis has not yet been well defined because of 
few studies have been conducted in order to establish type, number and location of MCs in renal tumor 
microenvironment and the correlation between MC count and tumor angiogenesis [71,72]. However, 
the majority of studies showed an increase of MC count in renal tissue compared to normal renal 
tissue [71,72], thus hj^othesizing a close interplay between MC and renal cancer cell in tumorigenesis. 
In agreement with this evidence, MC count could represent a prognostic factor. 

Concerning a possible prognostic significance of MVD in RCC, the majority of studies found 
that high MVD is related to poor prognosis [73,74], whereas other studies found no prognostic value 
of MVD [75,76]. 

Tuna et al. showed that MC count was correlated with MVD (p = 0.034) but not with prognosis 
(tumor stage, grade, size), and patient survival. A tendency has been observed (even if not statistically 
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significant) for increased MC count with increasing tumor stage. Higher MC count was observed in 
14.8% of early-stage tumors than in 33.4% of advanced-stage tumors. MC count was significantly 
higher in clear as compared to non-clear RCC (p = 0.034) [71]. Moreover, MC count was increased in 
RCC and peritumoral tissue with inflammation compared to that normal renal tissue (p < 0.001) [71]. 
Therefore, this evidence confirms that MVD does not appear to be a useful prognostic factor in RCCs. 
On the one hand MVD seems not to be a prognostic factor in RCC, but on the other, MC count may be 
related to tumor angiogenesis and tumorigenesis in RCC [71]. 

Mohseni et al. also demonstrated that MCs were mainly observed in both tumor and peritumoral 
inflammatory renal tissue, whereas in non-tumoral renal tissue it has been found that MCs sprinkled 
the interstitium of the cortex or subcortical layer [72]. Moreover, MC count was significantly higher in 
RCC compared to that in normal renal tissue {p value not determined) [72]. The increase of MC count 
in renal cancer tissue compared to normal renal tissue could suggest an involvement of MC in 
stimulating angiogenesis-mediated renal cancer cell proliferation. However, it has also been shown 
that MC count did not correlate to MVD {p = 0.45) and prognosis (tumor stage, grade, size) [72]. 
The authors hypothesize that the weakness of this evidence is related to the selection of heterogeneous 
tumor groups in terms of tumor stage and grade and to MC identification methods (e.g., different 
primary antibodies employed and counting technique) [72]. 

Table 2 summarizes two studies that correlate MCs with MVD in renal cancer patients. Mclennan 
et al. showed no correlation between MVD and prognosis referring to clinical stage, pathologic stage, 
tumor grade, and cancer-specific survival (all p > 0.05). Interestingly, MVD was higher in the clear 
cell carcinoma compared to non-clear cell carcinoma (p = 0.007) [75]. 

Yoshino et al. observed a strong correlation between MVD and prognosis referring to disease-free 
survival mainly (p = 0.004) in patients with primary RCC. In particular, patients with 30 microvessels 
per 200x field had a higher survival than those more than 30 microvessels per 200x field (p = 0.007). 
Patients with metastatic disease had more hypervascular tumors than those who had non-metastatic 
disease (p = 0.0006) [73]. 

Nativ et al. observed a strong association between MVD and prognosis (as survival rate) (p = 0.00014). 
In fact, the 10-year survival rate for patients with low and high MVD was 91% and 46%, respectively 
(p = 0.041). However, there was an inverse correlation between MVD and some histopathological 
features including nucleus type (nuclear area, elipticity and roughness; respectively p = 0.006; 
p = 0.016; p = 0.039) and grading (p = 0.047) [74]. 

Kirkali et al. demonstrated no correlation between MVD and prognosis represented by mean 
nuclear volume, stage and survival (p > 0.05). Conversely, Fuhrman (p = 0.0011) and WHO grades 
(0.001 < p < 0.0002), and tumor stage (p = 0.0003) have all been confirmed as prognostic factors 
related significantly with patients' survival [76]. 

Table 3 summarizes all studies that correlate MVD with prognosis in renal cancer patients. 
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Table 2. Studies correlating mast cell (MC) count with microvascular density (MVD) in 
renal cancer patients. 

Author, 
Reference, 
Year 



Correlation 

Patients MetliodsofMC Metliods of MVD 
Histological Types Stage between MC p Value 

(n) Identification Identification 

Count & MVD 



Tuna [71] 
2006 



clear cell: 66.2% 
chromophobe: 14.1% 

papillary: 1 1.3% 
sarcomatoid: 8.5% 



i-rv 



71 



histochemistry 
toludine blue 



immunohistochemis 
try primary MoAb 
anti-CD31 



yes 



p = 0.034 



Mohseni 
[72] 2010 



clear cell: 72.5% 
granular cell: 12.5% 
sarcomatoid: 7.5% 
chromophobe: 5% 
papillary: 1% 



I-IV 



40 



histochemistry 
toludine blue 



immunohistochemis 
try primary MoAb 
anti-CD34 



no 



p = 0.45 



MoAb, monoclonal antibody. 
Table 3. Studies correlating microvascular density (MVD) with prognosis in renal cancer patients. 



Author, 
Reference, 

Year 


Histological Types 


Stage 


Patients 

(n) 


Methods of MVD 

Identification 


Clinical 

Parameters 


Correlation 


p Value 




clear cell: 75% 














Mclennan [75] 
1995 


granular cell: 11% 
papillary: 9% 


I-IV 


97 


immunohistochemistry 
primary MoAb 


DFS 


no 


p > 0.05 


sarcomatoid: 3% 
chromophobe: 1% 






anti-factor VIII 








Yoshino [73] 
1995 


n.d. 


I-IV 


84 


immunohistochemistry 
primary MoAb 
anti-factor VTH 


DFS 


yes 


p < 0.004 


Nativ [74] 
1997 


non papillary: 86.1% 
papillary: 13.9% 


I-II 


36 


immunohistochemistry 
primary MoAb 
anti-factor VIII 


OS 


yes 


p = 0.00014 


Kirkali [76] 
2001 


clear cell: 60% 
chromophobe: 20% 
sarcomatoid: 13% 

chromophilic: 7% 


I-IV 


70 


immunohistochemistry 
primary MoAb 
anti-CD31 


OS, DFS 


no 


p > 0.05 



MoAb, monoclonal antibody; DFS, disease free survival; OS, overall survival. 



5. Conclusions 



RCC represents the most lethal cancer within the urological neoplasms [2] accounting for 3% of 
human cancers occurring in the world [1]. 

Considering RCC etiopathogenesis, the most important reason for its onset is due to the inactivation 
of pVHL [4]. Normally, during normoxia pVHL leads to the degradation of HIF, while in case of 
hypoxia or its inactivation leads HIF to induce the secretion of pro-angiogenic factors (VEGF, PDGF-P, 
FGF) [4—8]. Increasing knowledge of the molecular biology of metastatic RCC has led to the 
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development of several TKIs [9]. These TKIs are principally directed against VEGFR members and 
also against the c-Kit receptor (c-KitR). The role of c-kitR inhibition on clear cell RCC (ccRCC), the 
main RCC subtype, is less well established. Whether c-kitR activation through its ligand, stem cell 
factor (SCF) contributes significantly to the effects of tjTosine kinase inhibitors (TKIs) treatment 
remains to be established. It is important to underline that the c-KitR is expressed on MCs, endothelial 
cells, and cancer cells. The connection between c-KitR and SCF induces several signal transduction 
pathways in RCC that, in turn, promotes the activation of both MCs and endothelial cells, leading to 
the further strengthening of pro-angiogenic signaling. 

With particular reference to the pivotal role of c-KitR in RCC progression, the selective c-KitR TKI 
imatinib mesylate (Gleevec®), currently approved for the treatment of CML and GIST [26], is now 
under investigation for the therapy of RCC in combination with everolimus (ClinicalTrials.gov 
Identifier: NCT00331409) or with bevacizumab and erlotinib (ClinicalTrials.gov Identifier: 
NCT00193258) for use also with other malignant tumors [18-24]. 

In order to determine whether c-KitR could be a tumor biomarker, all authors were in agreement 
to discover in chromophobe varieties frequent (from 77% to 100% of cases) c-KitR expression of 
strong [9,31] or moderate [32] intensity at IHC compared to other malignant histological subtypes 
(papillary and clear cell) [31-39]. Regarding c-KitR staining pattern in chromophobe variety (mainly 
and simultaneously membranous and cytoplasmic) [9,32,34,36,37], only Horstmann and Kruger et al. 
correlated c-KitR expression intensity or pattern to other variables (SCF expression, stage, histological 
subtypes, grading) hypothesizing that different c-KitR staining pattern depended on different c-KitR 
activation related to histological subtype [9,37]. Surprisingly, no authors demonstrated a biologic 
significance of the c-KitR staining pattern (as demonstrated in other tumors) [77] or a relationship 
between prognosis and c-KitR expression, MC count and MVD in RCC. Considering the mutational 
status of c-Kit, all authors showed in different histological subtypes assessed the absence of c-Kit 
mutation (in exons 9, 11, 13 and 17) [31,37-39]. Therefore, the absence of c-Kit mutations in the 
presence of its expression could confer to c-KitR an intriguing therapeutic significance as marker 
predictive of response to c-KitR TKIs, such as imatinib or masitinib. However, the only one phase II 
trial assessing imatinib alone in fourteen patients with metastatic RCC demonstrated poor efficacy of 
this treatment [78]. The reason could be due to only one tumor that demonstrated strong and diffuse 
expression compared to the rest, which were negative for c-KitR expression. Therefore, it is important 
to underline that initially it will be necessary conduct further clinical trials to evaluated c-KitR TKIs in 
selected patients (positive for c-KitR expression in IHC, harbouring the orphan chromophobe variety) 
rather than to evaluate the optimal sequential therapeutic strategy (e.g., prolonging the use of TKIs or 
using m-TOR inhibitors early after TKIs) in all patients [79]. 

Few and more controversial are the data relating to MCs and MVD. In half of the studies, 
independently assessing both parameters, the increased MC count and high MVD in RCC tissue could 
represent poor prognostic factors [71,73,74]. These controversial results could depend on the chosen 
heterogeneous tumor groups (in terms of tumor stage and grade, histological subtypes) and the 
methods of MC/MVD identification [72]. However, Tuna et al. found a significant correlation between 
increased MCs and clear cell variety and a not statistically significant tendency for high MC count 
with increased tumor stage [71]. Yoshino et ah, [73], and Nativ et al. [74], showed a significant 
correlation between high MVD, low disease fi-ee survival (DFS), low overall survival (OS), metastatic 



Int. J. Mol. Sci. 2014, 15 



13071 



disease and low grading [73,74]. According to Nativ et al. a possible explanation of the inverse relation 
between MVD and grading was that tumoral angiogenesis, which may facilitate metastatic spread, 
required more differentiated tumor cells, which can produce specific pro-angiogenic factors [74]. 

In conclusion, c-Kit (c-KitR/c-Kit) overexpression has been well demonstrated in chromophobe 
variety of RCC. Based on this overexpression, it is possible to hypothesize a role as tumor biomarker 
with diagnostic significance, although the level of evidence remains unclear. Considering the absence 
of c-Kit mutations in chromophobe variety, c-Kit (c-KitR/c-Kit) overexpression could represent a 
predictive factor of response to TKIs (imatinib or masitinib) worthy of further investigation. Moreover, 
MC count and MVD are surrogates of tumoral angiogenesis, but data to consider them as prognostic 
factors are not conclusive and need to be further investigated. 
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